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Synthesis using reactive scatterers

Realization of a reactively loaded sparse antenna array

Objective: Grating-lobe free beam steering

Shaped embedded element patterns limit the antenna array’s scan range into the grating-lobe-free 
window.

Shape embedded 
element patterns

Embedded element pattern
Antenna array’s radiation pattern
Scan range

1.5 𝜆 1.5 𝜆

Simulate Model Optimize
Embedded element patterns,

Scattering parameters

Objective function,
constraints

𝛤1 𝛤2 𝛤3

𝑍1 𝑍2 𝑍3

minimize𝜞 𝑓 𝜞
subject to |𝛤𝑛| = 1, ∀𝑛

Get embedded element 
patterns and scattering 
parameters by exciting both 
driven and scatterer ports.

Replace excitations of scatterer 
ports by reflection coefficients 𝛤𝑛 
and formulate the objective 
function 𝑓(𝜞).

A. Optimization on Riemannian 
manifold

B. Semidefinite relaxation
C. Dimensionality reduction with 

principal component analysis
D. Genetic algorithm
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Connected patch-diamond array with 40 scatterer ports 
terminated to surface-mounted components.
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